OBJECTIVE Many investigations have shown that retrieval practice enhances the recall of different types of information, including both medical and physiological, but the effects of the strategy on higher-order thinking, such as evaluation, are less clear. The primary aim of this study was to compare how effectively retrieval practice and repeated studying (i.e. reading) strategies facilitated the evaluation of two research articles that advocated dissimilar conclusions. A secondary aim was to determine if that comparison was affected by using those same strategies to first learn important contextual information about the articles.
OBJECTIVE Many investigations have shown that retrieval practice enhances the recall of different types of information, including both medical and physiological, but the effects of the strategy on higher-order thinking, such as evaluation, are less clear. The primary aim of this study was to compare how effectively retrieval practice and repeated studying (i.e. reading) strategies facilitated the evaluation of two research articles that advocated dissimilar conclusions. A secondary aim was to determine if that comparison was affected by using those same strategies to first learn important contextual information about the articles.
METHODS Participants were randomly assigned to learn three texts that provided background information about the research articles either by studying them four consecutive times (Text-S) or by studying and then retrieving them two consecutive times (Text-R). Half of both the Text-S and Text-R groups were then randomly assigned to learn two physiology research articles by studying them four consecutive times (Article-S) and the other half learned them by studying and then retrieving them two consecutive times (Article-R). Participants then completed two assessments: the first tested their ability to critique the research articles and the second tested their recall of the background texts.
RESULTS On the article critique assessment, the Article-R groups' mean scores of 33.7 AE 4.7% and 35.4 AE 4.5% (Text-R then Article-R group and Text-S then Article-R group, respectively) were both significantly (p < 0.05) higher than the two Article-S mean scores of 19.5 AE 4.4% and 21.7 AE 2.9% (Text-S then Article-S group and Text-R then Article-S group, respectively). There was no difference between the two Article-R groups on the article critique assessment, indicating those scores weren't affected by the different contextual learning strategies.
CONCLUSION Retrieval practice promoted superior critical evaluation of the research articles, and the results also indicated the strategy enhanced the recall of background information. INTRODUCTION Health and exercise sciences educators could benefit from understanding which learning strategies are most effective for enhancing student learning given the dire need to train highly qualified individuals to go into the medical professions. Doing well in the medical professions involves a certain amount of memorisation and recall (e.g. knowing anatomical terms), but students also need training in higher-order critical thinking skills, such as accurately diagnosing an illness with atypical symptoms, 1 to perform well as a student and as a professional. There is a growing call from medical educators to define, enhance and track students' higher-order thinking skills given their importance for success in the field. 2 Approaches have been suggested such as embedding more higher-order thinking tasks within medical training programmes, 1 creating critical-thinking milestones students should reach within their training programes, 3 teaching pre-medical and medical students learning strategies that enhance higherorder thinking, 4 and perfecting the way that critical thinking skills are defined and assessed. 5, 6 The current study approaches the problem by teaching undergraduates, who may be future medical professionals, learning strategies that enhance their ability to employ higher-order thinking skills such as evaluation and synthesis. Specifically, the purpose of the study was to investigate if using a particular learning strategy, retrieval practice, enhances undergraduate exercise sciences students' higherorder critical thinking skills surrounding physiological concepts and research findings.
The learning strategy of retrieval practice has been well documented to improve student recall and memorisation of both general information and medical information. [7] [8] [9] Patterns of recall using the retrieval practice strategy are also referred to as the 'testing effect', whereby students tend to recall more information over time when they learn the information by actively self-testing rather than simply repeatedly studying (i.e. reading) the same information multiple times. [9] [10] [11] The typical retrieval practice experimental paradigm is to ask individuals to learn material in the same number of trials by either repeatedly studying it or by actively attempting to retrieve it using self-testing. Recall of the information is tested immediately and then at several points in time, such as after 1-7 days, and comparisons are made regarding the degree of forgetting over time. Although often the self-testing condition does not yield superior recall at the immediate test point, there is consistent evidence that it leads to superior recall, compared with repeatedly studying, after a 1-to 7-day delay. 9, 12, 13 Thus memory stabilises and is less prone to forgetting over the long term after learning information using retrieval practice.
The use of retrieval practice has also been shown to be effective for learning medical information such as anatomy and physiology concepts. For example, chiropractic students in one such study used retrieval practice to learn anatomical concepts as they were applied to clinical settings. Recall of anatomical concepts was superior over the long term when initially learning them using retrieval practice.
14 Likewise, a series of studies have shown that undergraduate students majoring in exercise sciences recall anatomy and physiology concepts (e.g. muscle anatomy, VO 2 max) better over the long term when using retrieval practice strategies versus repeated studying. [15] [16] [17] [18] [19] Another example relates to medical students who were examined as they learned how to diagnose neurological disorders. Students who used retrieval practice versus studying review sheets retained diagnostic information significantly better after 6 months. 7 Thus, retrieval practice has been shown to be an effective long-term recall strategy for both general information and specific medical information.
Although understanding and investigating learning strategies that promote basic recall is important, it is also important to investigate if the strategy is useful for higher-order learning tasks. Higher-order learning tasks are typically thought of as ones that require more complex thinking and original thought. And although recall is the foundation of learning, most medical professions rely on higher orders of thinking, such as critically evaluating, diagnosing, solving novel problems or synthesising patient background and symptoms, to understand an acute condition. To help frame the discussion of what might be considered examples of higher-order thinking and learning skills we turn to a classic hierarchical model of learning called Bloom's taxonomy. 20 Bloom conceptualised levels of learning as going from simple to complex and suggested that lower levels of the taxonomy build the foundation for higher levels of learning. The lower levels of Bloom's taxonomy include (i) knowledge, (ii) comprehension and (iii) application, whereas the higher levels include (iv) analysis, (v) synthesis and (vi) evaluation. 14 Bloom's taxonomy was revised to describe cognitive processes that may occur at each level to further distinguish lower from higher orders of thinking:
'(i) Remember -Retrieving relevant knowledge from long-term memory; (ii) UnderstandDetermining the meaning of instructional messages, including oral, written, and graphic communication; (iii) Apply -Carrying out or using a procedure in a given situation; (iv) Analyze -Breaking material into its constituent parts and detecting how the parts relate to one another and to an overall structure or purpose; (v) Evaluate -Making judgments based on criteria and standards; and (vi) Create -Putting elements together to form a novel, coherent whole or make an original product'. 21 The goal of the current project is to continue to examine the retrieval practice strategy and if it can facilitate both basic recall, considered the lowest level of Bloom's taxonomy, and higher levels of learning such as critical evaluation.
There is some evidence that retrieval practice promotes higher levels of learning. 13, [22] [23] [24] Several studies have shown that participants who learn foundational information using retrieval practice are more likely to transfer their knowledge to novel situations than participants who simply learned the information by repeatedly studying it. 23, 25, 26 For example, a set of studies showed that participants who used retrieval practice strategies to learn information recalled more information after a delay than those who used studying strategies and also were better able to answer inferential questions. 22, 24 According to the description of cognitive processes that support learning, 21 making inferences is considered above the basic level of 'remembering' and is at the level of 'understanding'. Perhaps a more dramatic demonstration of how retrieval practice enhances higher levels of learning comes from a study that first asked participants to read texts and then 7 days later asked participants to answer questions that were based on explicit information in the texts, answer questions that called for them to make inferences about information in the same texts, and answer questions that required them to transfer knowledge learned from the texts to an entirely new knowledge domain. 23 Participants performed better when in the retrieval practice condition as opposed to a repeated studying condition, suggesting that there was a performance boost for strict recall of information and for doing something novel with the text information, such as making an inference or transferring knowledge to a domain outside the original texts. However, what is most striking is that the superior recall of literal text information seemed to support the higher-order thinking process of knowledge transfer. Thus, retrieval practice supported learning foundational information that, in turn, increased the ability to generate novel inferences and knowledge transfer.
Related to the aforementioned study, 23 positive results were found for medical students who were asked to learn medical concepts using retrieval practice. 27 Compared with other strategies such as self-explanation, self-testing was superior for both long-term retention and transfer of knowledge. To examine transfer of knowledge, the researchers asked medical students to apply all that they had learned in a study session 6 months earlier to describe how they would handle a novel clinical situation. Interpreting the revision of Bloom's 20 taxonomy, the act of transferring knowledge to novel situations would fit into the highest level of the hierarchy because this level involves 'putting elements together to form a novel, coherent whole . . .'. 21 Other researchers in health professions agree that transfer of knowledge is considered to be at the higher levels of Bloom's taxonomy. 28 Thus, there is at least some evidence that retrieval practice promotes higher levels of learning and knowledge transfer is one such example.
To reiterate, the goals of this study are: (i) to add to the evidence that retrieval practice is beneficial for tasks that involve both lower and higher orders of thinking, and (ii) to determine if learning contextual information using retrieval practice boosts one's ability to engage in higher-order thinking tasks such as evaluation. 23 To investigate these goals, advanced undergraduates in exercise sciences and other health professions were asked to learn foundational, contextual physiological information using either retrieval practice or repeated studying, recall the learned information, and then use that same information to perform a task involving the critical evaluation of contradictory research findings on a related topic within the field of physiology.
METHODS
The experimental procedures were approved by the university's institutional review board (protocol H17205). The participants were recruited from an exercise physiology course at a regional university in the USA. The typical exercise physiology course student was a fourth-year undergraduate student and was an allied health or similar major (e.g. exercise science, athletic training, pre-physical therapy, pre-physician assistant, pre-medicine, etc.).
Experimental design and materials
The participants used retrieval practice and repeated studying strategies to complete two different tasks. The intent of the first task was both to prepare the participants for the second task by providing important contextual information and to serve as a means of assessing how effectively the learning strategies promoted recall. The aim of the second task was to assess how effectively the learning strategies could facilitate the ability to evaluate and critique two research articles that used evidence to arrive at dissimilar conclusions. Because the participants in this study were students in an exercise physiology course, the two research articles advocated opposing physiological mechanisms to explain why acclimatisation to a hypoxic (e.g. high altitude) environment may enhance aerobic fitness and endurance exercise performance. Both articles were approximately 1500 words long and were selected from the Journal of Applied Physiology. The first article 29 concluded that acclimatisation to hypoxia enhances maximal oxygen consumption (VO 2 max) in response to increases in erythropoietin (EPO) and red blood cell volume (RCV). By contrast, the second article 30 argued that changes in EPO and RCV are inconsequential, and that the primary reason why hypoxia may enhance endurance performance is a reduction in the energy or oxygen cost of exercise.
These articles and topics were chosen specifically because the investigators knew the participants had not discussed either hypoxia or most of the pertinent physiological mechanisms in any of the previous courses in their curriculum. Consequently, the investigators were able to control the manner in which the participants were first introduced to this information, which was accomplished using three background texts in the first task of the experiment. The first such text defined VO 2 max and then described how it is physiologically determined by ventilation, RCV, cardiac output and capillary O 2 extraction (see excerpt in Table 1 ). The second text described how endurance exercise performance is determined by VO 2 max, the highest VO 2 one can sustain throughout prolonged endurance exercise (VO 2 fracmax) and the VO 2 cost of endurance exercise (exercise economy). The final text introduced the participants to the typical physiological responses that occur with acclimatisation to a hypoxic environment, including those that could lead to improvements in VO 2 max, Table 1 Excerpt from the first background text the participants learned as part of the first task of the experiment
The supply of O 2 to the mitochondria depends on numerous important processes, including:
Ventilation -O 2 is moved from the atmosphere into the lungs during the inspiration phase of ventilation. Ventilation is determined by the contractile activity of muscles like the diaphragm, which are controlled by the nervous system. As the intensity of endurance exercise, and therefore VO 2 , increases, ventilation is enhanced to inspire more O 2 .
2.
Red blood cells -inspired O 2 moves into the blood and attaches to red blood cells. Red blood cells, which are also known as erythrocytes, typically make up approximately 40-50% of the total blood volume. Red blood cells are produced in bone marrow in response to the hormone erythropoietin (EPO). Both endurance training and exposure to high altitude (i.e., hypoxia) can increase levels of EPO and red blood cells.
3.
Cardiac output -the transport of O 2 containing red blood cells around the cardiovascular system (i.e., blood flow) depends on the pumping activity of the heart. This pumping activity is otherwise known as the cardiac output and it is typically described in terms of the volume of blood pumped per minute. Cardiac output is controlled by the nervous system. As the intensity of endurance exercise increases, cardiac output is enhanced to transport more O 2 . Endurance exercise training can increase maximal cardiac output.
4.
Capillary exchange -O 2 that has been transported via red blood cells in the cardiovascular system eventually moves out of capillaries and into the mitochondria of the cells (e.g., muscle cells). This process of moving O 2 out of the blood and into the cells is called extraction. Our ability to extract O 2 depends on the density of capillaries associated with our organs (e.g., muscles). Endurance exercise training can increase muscle capillary density.
The excerpt above contains 290 words, which is 60% of the 482-word passage that was used in the study.
VO 2 fracmax and exercise economy. All three of the background texts were written by one of the investigators who has many years of experience teaching undergraduate and graduate physiology courses, and all were approximately 480 words in length.
The participants were randomly assigned to learn the three background texts either by studying (i.e. reading) them four consecutive times (Text-S) or by studying and then retrieving (i.e. engage in selftesting) them two consecutive times (Text-R). All of those studying and retrieval phases were conducted in a sequence and they were timed so that each phase lasted exactly 4 minutes. At the end of each learning phase, the students were instructed to move on to the next phase or text, and they were not allowed to repeat any previous phase. Consequently, both groups spent exactly 16 minutes learning each of the three background texts. Prior to the second task of the experiment, half of the participants from both the Text-S and Text-R groups were randomly assigned to learn the two research articles by studying them four consecutive times (Article-S), and the other half of both groups were assigned to learn them by studying and then retrieving (i.e. engage in self-testing) them two consecutive times (Article-R). Therefore, four different learning groups participated in this investigation: (i) Text-S then Article-S, (ii) Text-R then Article-R, (iii) Text-S then Article-R and (iv) Text-R then Article-S. The sequence used in the second task was similar to that in the first, except each studying and retrieval phase lasted 6.25 minutes, and so all the students were given exactly 25 minutes to learn each of the two articles.
The culmination of the experimental tasks was an assessment that was administered 1 week after the first task and 2 days after the second task. A summary of the four learning strategies and overall experimental timeline is provided in Fig. 1 . The first section of the assessment consisted of seven questions that asked the students to compare and critically evaluate the evidence and conclusions presented in the two research articles (article critique assessment). Once the students had completed that first section, they received and completed the second section, which consisted of 13 items that prompted them to recall the key elements of three background texts (text recall assessment). The seven article critique assessment questions are shown in Table 2 , and the 13 items from the text recall assessment are found in Table 3 .
Experimental procedure
The two learning tasks and pertinent assessments of the experiment were conducted during three predetermined course meetings that were described in the exercise physiology class syllabus. The syllabus also indicated that the students would earn a small amount of course credits (4% of the total course points) for completing the assignments on those three class meetings, but they were not informed as to what they would be doing during any of those meetings.
During the first experimental class meeting, the instructor read a 2-minute script that explained: (i) the Text-S and Text-R strategies the class would be using, (ii) the precise procedures they would be following while using those strategies and (iii) that they simply needed to focus on the instructions they would be given. The instructor then distributed a unique learning packet to each student, the purpose of which was to guide the student through each predetermined phase of his or her learning session. For example, during a studying phase of a strategy, the packet would instruct the student to carefully read the text for 4 minutes. When students in the Text-R group completed a retrieval phase, they were instructed to recall and write down as much of the text's information as they could for 4 minutes. Once all of the packets had been distributed, the instructor started a timer and the students began using their assigned strategy to learn 7. Point view (three points) LHTL = living high and training low; RCV = red blood cell volume; VO 2 max = maximal oxygen consumption; VO 2 fracmax = the highest VO 2 one can sustain throughout prolonged endurance exercise; EPO = erythropoietin. Can increase endurance exercise performance (two points) RCV = red blood cell volume; ATP = adenosine triphosphate. * Participants were instructed to record as many details as they could recall about all 13 of these items that they had learned from the three background texts.
the first of the three background texts. Every 4 minutes thereafter, the instructor prompted the students to immediately turn to the next page in the packet and start the next learning phase of their strategy. This procedure continued until the students completed all four learning phases with the first background text, followed by the four phases with the second text and then the four phases with the third text. At the conclusion of the 48-minute learning session, the instructor collected each student's learning packet, including all the notes those in the Text-R group took during their retrieval phases. The procedure described above was repeated 5 days later with the two research articles, the Article-S and Article-R strategies, and a duration of 6.25 minutes per learning phase (50 total minutes of learning).
During the next class meeting two additional days later, the students first completed the article critique assessment and then the text recall assessment. More specifically, they had to hand in the article critique assessment before they were given access to the text recall assessment in order to insure that they couldn't use the provided concept prompts on the latter to help them answer questions on the former. It is also important to note that the students were given no advanced notice about any component of the investigation in order to minimise the likelihood that they would engage in any independent preparation for the assessment after they completed the learning tasks.
In an effort to be as consistent as possible, all of the article critique and text recall assessments were evaluated by one individual. That assistant knew the general purpose of the study, but he was blinded such that he could not have been aware of the specific learning strategy used by each student. That assistant was a Masters of Science student who had previously taken multiple undergraduate and graduate exercise physiology courses. He also had an excellent understanding of all of the information in the experimental background texts and research articles, and he used a highly itemised rubric to evaluate the assessment scores. The portion of the rubric the assistant used to evaluate the article critique assessment responses is shown in Table 2 , and the portion he used to assess the text recall assessment responses is found in Table 3 .
According to the rubric, the answers to the seven questions on the article critique assessment were associated with a total value of 70 points. On most of those questions, students received six points each for correctly explaining an appropriate performance determinant, physiological mechanism and line of supporting evidence. For example, when asked about the conclusions drawn by Levine and StrayGundersen 23 in the third question, students received 18 points (i.e. full credit) if they explained the determinant was VO 2 max, the mechanism was increased RCV and the evidence included the observation that EPO injections tend to enhance VO 2 max and performance in a manner similar to that with hypoxic acclimatisation. In the fifth question that required the students to critically evaluate the two articles, they received six points if they used an appropriate line of evidence to explain which of the two views they supported, and they received four more points if they proposed an applicable question that should be addressed by future pertinent studies. As to the text recall assessment rubric, students received four of the total possible 122 points for correctly recalling each major detail of the 13 key items from the background texts, and they received an additional two points for each minor detail they provided. For example, when they were prompted by the term 'capillary exchange' (Table 2) , students received four points for defining it as the extraction of O 2 from the blood into the cells, four more points for explaining that it is determined by capillary density and an additional two points if they observed that it is enhanced by endurance exercise. Students received exactly half a credit for any article critique or text recall answer in which they simply listed, rather than properly explained, the operative words in a definition or concept.
Because the experimental rubrics were developed by one investigator, but they were then used by another individual to determine all of the text recall and article assessment scores, a second investigator re-scored nine of the participants' assessments (10% of the total number of assessments) to determine the level of agreement. To be clear, this comparison was conducted well after the original scorer had evaluated all of the text recall and article critique assessments and after all of the experimental data had been analysed, and so it did not provide any feedback that could have been useful in guiding the assessment scoring process. Nevertheless, there was a 96.1% level of agreement between the two scorers, which indicates that the rubric was a reliable scoring tool.
Following the completion of all phases of the experiment, the students were required to indicate whether or not they: (i) had carefully followed all the instructions they were given and did not engage in any independent preparation for the assessments, (ii) had answered every part of the text recall and article critique assessments to the best of their ability and (iii) wished to participate in the study by allowing the authors to use their data in the analysis. Only those students who agreed to all three of the above statements became participants in the study, which means their results were included in the analysis.
Data analysis
The effects of the four learning strategies on both the text recall and the article critique assessment scores were analysed using one-way analyses of variance (ANOVAS), and follow-up comparisons were conducted using independent t-tests. Effect sizes were expressed using partial eta squared and Cohen's d for the ANOVAS and t-tests, respectively. The statistical analyses were performed using SPSS, version 23 (IBM Corp., Armonk, NY, USA). Statistical significance was set at p ≤ 0.05. Scores are expressed as mean percentages AE standard error.
RESULTS

Subjects
Of the 96 students who were enrolled in the experimental course, 89 (93%) completed all the components of the study, satisfied the requirements for becoming participants and were included in the analysis. Four of the students who were not included in the analysis did not consent for their data to be used, and the other three were excluded because they scored zero points on at least one of the two assessments.
Text recall assessment
The mean text recall and article critique assessment scores associated with each of the four learning strategies is presented in Table 4 . The comparison of the text recall assessment scores indicated there was a significant main effect of learning strategy (F 3,85 = 4.09, p = 0.01, g 2 = 0.13). Post-hoc comparisons showed that the two Text-R groups that both used the retrieval strategy had significantly greater recall of the three background texts than either of the groups that both used the Text-S studying-only strategy. More specifically, the Text-R then Article-R retrieval group outscored both the Text-S then There was no significant difference in recall scores between the two Text-R groups that both used the retrieval strategy to learn the texts (t 42 = 0.39, p = 0.70), nor was there a difference between the two Text-S groups that both used the studying-only strategy to learn them (t 43 = 0.57, p = 0.57). Figure 2 displays the text recall assessment results collapsed by background textlearning strategy. Scores are expressed as mean percentages AE standard error. The Text-S and Text-R groups learned the background texts using repeated studying and retrieval practice strategies, respectively. The Article-S and Article-R groups learned the research articles using repeated studying and retrieval practice strategies, respectively. * Indicates the text recall score was significantly greater than that of both the Text-S strategies. † Indicates the article critique score was significantly greater than that of both the Article-S strategies.
Article critique assessment
The analysis of the article critique assessment scores also indicated there was a main effect of learning strategy (F 3,85 = 3.77, p = 0.01, g 2 = 0.12). Follow-up comparisons revealed that the two Article-R groups that both used the retrieval strategy to learn and evaluate the research articles performed significantly better on the article critique assessment than either of the Article-S groups that both used the studying-only strategies (Fig. 2) . More precisely, both the Text-R then Article-R and the Text-S then Article-R groups had significantly higher article critique assessment scores than the Text-S then Article-S group (t 45 = 2.21, p = 0.03, d = 0.65 and t 43 = 2.52, p = 0.02, d = 0.75, respectively), and both also had significantly higher scores than the Text-R then Article-S group (t 42 = 2.17, p = 0.04, d = 0.66 and t 40 = À2.61, p = 0.01, d = 0.81, respectively). However, the post-hoc comparisons also showed that the specific strategy the participants used to learn the three background texts did not affect the score they eventually achieved on the article critique assessment. That is, despite the evidence that the retrieval strategy used by the Text-R then Article-R group resulted in greater recall of the background texts than did the studying-only strategy used by the Text-S then Article-R group (discussed above), there was no difference between those two groups on the article critique assessment (t 42 = À0.27, p = 0.79). There was also no statistical difference between the two groups that both used the studying-only strategy to learn the research articles, despite the fact that the Text-R then Article-S group clearly benefited from using the retrieval strategy to learn the background texts, whereas the Text-S then Article-S group used the less effective studying-only strategy to learn the texts (t 43 = 0.57, p = 0.57).
DISCUSSION
The primary goal of the study was to determine if the retrieval practice strategy promotes higher levels of learning of medical information. The results showed that participants who used retrieval practice recalled more after a 1-week delay compared with participants who used the repeated studying strategy to learn contextual information. Participants who used the retrieval practice strategy for the article critique task also performed better if they engaged the retrieval practice strategy as opposed to the repeated studying strategy. These results provide additional evidence that, with regard to learning medical information, retrieval practice promotes both lower levels of learning (e.g. recalling) and higher levels of learning (e.g. evaluating). 20, 21 There are particularly striking performance differences when participants used the retrieval practice strategy to perform the article critique task compared with those who used a repeated studying strategy. The mean score on the article critique, the higher order learning task, was 34.6% when using the retrieval practice strategy whereas it was only 20.5% when using the repeated studying strategy. That marked difference in performance between the two learning strategy conditions strongly suggests that performance on higher-order tasks, such as critiquing research findings, is greatly enhanced by using retrieval practice.
The secondary goal of this study was to learn if retrieval practice would provide an extra boost to performance on higher-order tasks if used for both learning contextual information and for the Figure 2 Scores from the text recall and article critique assessments expressed as a function of the two learning strategies. The Text-S strategies mean is the average text recall assessment score of the two groups that used the studying-only strategy to learn the three background texts (i.e. the Text-S then Article-S and Text-S then Article-R groups). The Text-R strategies mean is the average text recall assessment score of the two groups that used the retrieval strategy to learn the three background texts (i.e. the Text-R then Article-R and Text-R then Article-S groups). The Article-S strategies mean and Article-R strategies mean are the average article critique assessment scores of the two groups that used the studying-only strategy to learn the two research articles (i.e. the Text-S then Article-S and Text-R then Article-S groups) and the two that used the retrieval strategy to learn those articles (i.e. the Text-R then Article-R and Text-S then Article-R groups), respectively higher-order task. The results showed that as long as retrieval practice was used to critically evaluate materials in the article critique task, the higherorder learning task, then there was a performance benefit irrespective of what strategy was used to learn contextual information, the lower-order learning task.
Overall, the results of the current study corroborate established findings that retrieval practice enhances learning of medical information. [15] [16] [17] [18] [19] It also expands the literature by showing that learning medical information, such as physiological concepts and theoretical explanations, can be enhanced both at the level of basic long-term retention and for higher-order tasks such as critical evaluation. 27 Finally, it expands the literature suggesting that retrieval practice can be used to enhance higher orders of thinking and learning in general, as has recently been debated. 13 Taken as a whole, these results and other similar findings have implications for the use of retrieval practice to enhance the critical thinking skills of students going into the medical professions.
Medical educators can use the results of this study to tackle the issue of how to train students to think critically about their material by encouraging them to use the correct learning strategies. 4 Not emphasising rote memorisation in pre-medical courses and emphasising retrieval practice strategies to engage in both lower and higher-order tasks is one concrete suggestion. Rote memorisation is a passive learning strategy that does not yield stable, long-term memory benefits. [10] [11] [12] [13] 22, 24 If rote memorisation is the students' strategy of choice, they may become used to learning information that way. This approach to learning, in turn, would be detrimental to their long-term retention of concepts and it also may hinder the development of their critical thinking skills. Another approach to help students develop higher-order thinking skills is to ensure that the tasks students are asked to carry out for grades and other assessments require critical thinking. That is, carefully design tasks and assessments to ensure that critical thinking skills necessary for future success in the medical professions are practised. 5, 6 Embedding learning tasks within the medical training programme that require higher-order thinking skills such as synthesising information and critiquing is the first step, but encouraging students to engage with the information using an active strategy such as retrieval practice is the second step. For example, evaluating research to make conclusions about proper treatment or a diagnosis is the key to providing appropriate care to future clients or patients. Students may be urged to use retrieval practice as a strategy as they are becoming familiar with the research they are evaluating to maximise critical thinking.
Limitations
Although levels of learning are typically described as being hierarchical, 20, 21 we did not find that superior performance on the lower-level learning task necessarily predicted success on the higher-order learning task. In other words, as long as retrieval practice was the strategy used for the article critique task, it did not matter if one learned the foundational contextual information using the repeated studying or retrieval practice strategy. This was counter to other research findings that showed that using retrieval practice to learn foundational knowledge also enhanced one's ability to perform higher-order tasks, such as making novel inferences about the same material 22, 24 or transferring knowledge learned using retrieval practice to new domains. 23 To address the dissimilarity in findings, it could be that success in the article critique task in the second session was not dependent enough on learning the foundational material in the first session. Research articles, such as the two used for the article critique task, are meant to be selfcontained and provide enough foundational knowledge for readers to understand research findings. Research authors, in general, attempt to provide enough background literature to help readers understand their arguments and conclusions. So, there may have been enough foundational, contextual information within the research articles themselves to enable students to perform well on an advanced, higher-order learning task.
CONCLUSION
To conclude, both lower-order and higher-order learning tasks were examined in this study to determine if retrieval practice enhanced learning medical information at both ends of Bloom's taxonomy. 20 For both the recall task and article critique task, retrieval practice proved to be the superior strategy to use when compared with repeated studying. Thus, the results of this study provide additional support to the notion that retrieval practice benefits higher levels of learning 13 and can be applied to learning medical information. Medical, health and exercise science educators should encourage students to use retrieval practice strategies (e.g. self-testing) when learning information for longer lasting retention and to enhance their ability to perform at higher levels of thinking such as critiquing and evaluating.
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